The most common cause of ampiciflin resistance in Haemophilus influenzae type b is production of TEM-1 ,B-lactamase; however, a novel enzyme with a similar substrate profile but a quite different isoelectric point has also been described. This j-lactamase, designated ROB-1, has not been found previously in any other organism. In a survey of 46 ampiciUlin-resistant H. influenzae type b isolates, we found a second human isolate that produces ROB-1 and discovered that ampicillin-resistant isolates of the porcine pathogen HaemophUus pleuropneumoniae also produced ROB-1. In both Haemophilus species ROB-1 production was determined by plasmids that had considerable DNA sequence homology. However, the ROB-1 and TEM-1 (3-lacamase genes were not related. Our findings suggest that this form of ampicillin resistance has an animal reservoir and that conditions fostering its prevalence in animal strains may play a role in the spread of resistance to human pathogens.
Since their appearance in 1974, P-lactamase-producing type b Haemophilus influenzae isolates have increased in prevalence; currently more than 20% of the H. influenzae type b strains isolated in the United States have this property (2) . In most strains the P-lactamase produced is TEM-1 (15), but one strain which produces a plasmid-determined enzyme with broad-spectrum activity like that of TEM-1 but with an isoelectric point of 8.1 (quite different from the TEM-1 pI of 5.4) has been described (17) . While TEM-1 is the most common type of plasmid-determined ,B-lactamase in a variety of gram-negative pathogens (12) , the origin of the other enzyme, which has been designated ROB-1 (13), has not been elucidated.
Haemophilus pleuropneumoniae causes porcine pneumonia and pleuritis (18) . In 1982 6% of the H. pleuropneumoniae isolates from South Dakota were resistant to ampicillin (9) . Hirsh et al. (6) found that ampicillin resistance in one South Dakota isolate was mediated by 5.4- 429, 1983) , who found that the P-lactamase of these strains had an alkaline pl which was distinct from that of TEM-1.
We found a second human isolate of H. influenzae that produces ROB-1 ,B-lactamase and discovered that ampicillinresistant H. pleuropneumoniae strains which cause disease in pigs produce ROB-1 and carry plasmids very similar to those found in ROB-1-producing H. influenzae strains from humans. These findings bear on the continuing concern about the spread of antibiotic resistance from animals to humans (8 
MATERIALS AND METHODS
Bacterial strains and plasmids. Haemophilus strains were identified by using standard techniques (7) and were typed with specific antisera (Centers for Disease Control, Atlanta, Ga.). H. influenzae T2494 was isolated from the spinal fluid ofa i-year-old girl from Tennessee and was provided by L. G.
Rubin, Long Island Jewish-Hillside Medical Center, New Hyde Park, N.Y. H. influenzae F990, the prototype strain for ROB-1 P-lactamase, has been described previously (17) . H. pleuropneumoniae strain SD-1 and strain M62(pVM105), which contained a plasmid from strain SD-1, were supplied by D. C. Hirsch (6) Media and susceptibility testing. Haemophilus strains were grown in brain heart infusion broth (Difco Laboratories, Detroit, Mich.) containing 10 ,ug of hemin per ml and 2 ,ug of diphosphopyridine nucleotide per ml or on chocolate agar plates. E. coli strains were grown in Trypticase soy broth (BBL Microbiology Systems, Cockeysville, Md.). Transformants were selected on Trypticase soy agar (BBL) plates containing 10 ,ug of ampicillin per ml and were tested for antibiotic susceptibility by using disks.
3-Lactamase characterization. Sonic extracts were prepared as described previously (15) . Those extracts with low p-lactamase activity were concentrated by using a MicroProDiCon apparatus (Bio-Molecular Dynamics, Beaverton, Oreg.) and membranes with a 10,000-molecular-weight cutoff (14) . Analytical isoelectric focusing (11) was performed on polyacrylamide gels as described previously (14) . p-Lactamase activity was assayed alkalimetrically (4) . Inhibitors were preincubated with enzyme at 37°C for 5 min, and residual activity was determined with nitrocefin as the sub- (10) . Hybridization was performed as described by Southern (20) , using conditions of high stringency (50% formamide at 42°C, followed by washing at 60°C) (19) . Cloning of the ROB-1 gene and transformation of DNA were carried out as described previously (19 old girl with meningitis in Tennessee. As determined by analytical isoelectric focusing, this strain (Fig. 1, lane 1) produced a P-lactamase with an isoelectric point of 8.1 which was identical to the enzyme produced by ROB-1 prototype H. influenzae strain F990, which was isolated from a child with meningitis in Maryland (17) (lane 2). Figure  1 also shows the residual 1-lactamase activity remaining at the loading site, which is characteristic of this enzyme (17) .
Furthermore, the P-lactamases from these two strains had identical substrate and inhibition profiles (Table 1) . A total of 45 other P-lactamase-producing H. influenzae type b strains from medical centers in Chicago, Ill., Dallas, Tex., Rhode Island, St. Louis, Mo., and Tennessee all produced TEM-1 enzyme similar to that shown in Fig. 1, lane 6 .
Ampicillin-resistant H. pleuropneumoniae strains also produced the ROB-1 ,-lactamase. The enzymes from H. pleuropneumoniae M62(pVM105) (6) (Fig. 1, lane 3) and H. pleuropneumoniae isolates from South Dakota and Minnesota (lanes 4 and 5) focused with pls of 8.1 (identical to the pI of ROB-1). The substrate and inhibition profiles of the H. pleuropneumoniae ,-lactamases were also identical to those of ROB-1 (Table 1) . Biochemical and serological tests confirmed that the H. pleuropneumoniae and H. influenzae strains were distinct.
The original ROB-1 P-lactamase-producing H. influenzae strain (strain F990) and strain T2494 contained 4.4-kilobase plasmids, which were designated RRob and pMG301. These plasmids and plasmid pVM105 found in H. pleuropneumoniae could be transformed into E. coli HB101, in which they were unstable in the absence of continued ampicillin selection. Plasmids RRob and pMG301 did not provide sulfonamide resistance, unlike pVM105. When the three plasmids were purified and cleaved with various restriction endonucleases, identical fragments were produced from RRob and pMG301 by AluI (nine fragments), Sau3A (seven fragments), and TaqI (five fragments), while pVMlO5 yielded nine, seven, and eight fragments, respectively, with these enzymes (Fig. 2a) . Many fragments produced from pVM105 were identical in size to the fragments produced from RROb and pMG301, suggesting a close relationship.
When plasmid RRob was labeled with 32P by nick translation and hybridized with the fragments produced from pMG301 and pVM105 by using AluI, multiple homologous segments were evident (Fig. 2b) . Hence, RRob and pMG301 appeared to be identical, while pVM105 had many DNA sequences in common but had additional restriction fragments that were presumably related to the extra sulfonamide resistance which it carried.
The ROB-1 ,B-lactamase gene was cloned on a 2-kilobase fragment produced by partial Sau3A digestion of RRob into the BamHI site of pACYC184 to yield plasmid pMON401. VOL. 29, 1986 ANTIMICROB. AGENTS CHEMOTHER. AluI digests of the recombinant plasmid and the fragments homologous to RROb are also shown in Fig. 2 . No sites for endonucleases BglI, Hincll, and PstI were detected in the cloned ROB-1 gene. These enzymes cleave the TEM-1 P-lactamase gene (5) . Furthermore, a TEM-1 gene-specific probe produced by BglI-HincII digestion of pBR322 (5) did not hybridize with RROb Consequently, although TEM-1 and ROB-1 had similar substrate profiles, they must differ considerably in DNA sequence.
DISCUSSION
The ROB-1 P-lactamase appears to be responsible for ampicillin resistance 991, 1984) reported that plasmids in four ampicillin-resistant H. influenzae strains from New Orleans, La., were homologous to RRob, suggesting that in some regions ROB-1 P-lactamase production may be more common than is presently appreciated. Whatever the geographical origin of the ROB-1-producing H. influenzae strains, the plasmids which they contain seem to be strikingly similar.
Other animal pathogens may also produce the ROB-1 ,-lactamase. An ampicillin-resistant strain of Pseudomonas multocida isolated from a pig was recently examined and found to produce a ,-lactamase that appeared, as determined by isoelectric focusing, to be identical to ROB-1 (D. Weber, J. Wolfson, and A. A. Medeiros, unpublished data). More ampicillin-resistant pathogens will need to be examined in order to establish the prevalence of this P-lactamase type in the floras of various animal species.
The available information about the Maryland and Tennessee cases of meningitis due to H. influenzae indicated no direct exposure to pigs or other farm animals, but the potential for spread of this form of ampicillin resistance from an animal reservoir to human pathogens and the role of feed additives (8) in promoting ampicillin resistance in H. pleuropneumoniae deserve further investigation.
